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(57) ABSTRACT 

An image display apparatus comprises: a display panel; and 
an image processing unit which divides one frame into a 
frame of a main image and N frame(s) of Sub-image(s), and 
outputs a video signal that includes the frame of the main 
image and the frame(s) of the Sub-image(s) to the display 
panel, wherein the image processing unit comprises: a bright 
ness control unit which generates frames corresponding to the 
main image and the Sub-images based on the same input 
image data, and relatively reduces the brightness of the frame 
corresponding to the Sub-image with respect to the brightness 
of the frame corresponding to the main image; and a period 
setting unit which sets a length of respective horizontal scan 
periods so that the horizontal scan period in the frame of the 
main image is longer than the horizontal scan period in the 
frames of the Sub-image. 
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IMAGE DISPLAY APPARATUS AND METHOD 
FOR CONTROLLING THE SAME 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to an image display 
apparatus, and a method for controlling the same. 
0003 2. Description of the Related Art 
0004 As an image display apparatus, an impulse type or a 
hold type image display apparatus has been used. A charac 
teristic of the impulse type image display apparatus is that the 
lighting time of display devices is short, and the ON/OFF of 
the display devices is recognized as flickering. This flickering 
can be controlled by increasing the frame frequency (increas 
ing a number of images displayed per unit time), for example. 
But if the same frame is continuously output twice (double 
writing) in a moving image, the motion is viewed as double, 
which is recognized as interference. 
0005 For the hold type image display apparatus, on the 
other hand, a method for controlling motion blur is disclosed 
in Japanese Patent Application Laid-OpenNos. 2004-240317 
and 2002-35.1382. 
0006. In concrete terms, Japanese Patent Application 
Laid-Open No. 2004-240317 discloses that a frame period (a 
period for displaying one frame) is divided into two periods 
(first period and second period), and pixel data is intensively 
written in the first period (the former period in time series). It 
is also disclosed that the portion exceeding the displayable 
dynamic range, out of the pixel data to be written in the first 
period, is written in the second period (the latter period in time 
series). 
0007 Japanese Patent Application Laid-Open No. 2002 
351382 discloses that one frame is divided into a frame of a 
main image that contains unchanged high frequency compo 
nents and a frame of a Sub-image in which high frequency 
components are changed, so as to increase the frame fre 
quency. 
0008 If a conventional technology of the hold type image 
display apparatus is applied to the impulse type image display 
apparatus, the length of the frame period after division is 
limited, and therefore the brightness of the display image may 
drop. In concrete terms, if two frames are generated out of one 
frame, the frame period becomes half of the original frame 
period. And if the brightness is changed between the main 
image and the Sub-image, in some cases the brightness may 
become lower than the original image. In the method dis 
closed in Japanese patent Application Laid-Open No. 2004 
240317, the portion exceeding the displayable dynamic 
range, out of the pixel data to be written in the first period, is 
written in the second period, so the pixel data having high 
brightness value is written twice, which may cause interfer 
ence in the moving image. 

SUMMARY OF THE INVENTION 

0009. The present invention provides a technology that 
can control the generation of interference in the moving 
image and drop in brightness of the image. 
0010. An image display apparatus according to the present 
invention, comprises: 
0011 a display panel driven by multiplex scanning; and 
0012 an image processing unit which divides one frame 
having a predetermined period into a frame of a main image 
and N (N is a positive integer) frame(s) of Sub-image(s), and 
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outputs a video signal that includes the frame of the main 
image and the frame(s) of the Sub-image(s) to the display 
panel based on input image data, wherein 
0013 the image processing unit comprises: 
0014 a brightness control unit which generates frames 
corresponding to the main image and the Sub-image based on 
the same input image data, and relatively reduces the bright 
ness of the frame corresponding to the Sub-image with respect 
to the brightness of the frame corresponding to the main 
image; and 
00.15 a period setting unit which sets a length of respective 
horizontal scan periods so that the horizontal scan period in 
the frame of the main image is longer than the horizontal scan 
period in the frame of the Sub-image. 
0016 A method for controlling an image display appara 
tus having a display panel driven by multiplex scanning, 
according to the present invention, comprises the steps of: 
0017 dividing one frame having a predetermined period 
into a frame of a main image and N (N is a positive integer) 
frame(s) of Sub-image(s), and outputting a video signal that 
includes the frame of the main image and the frame(s) of the 
Sub-image(s) to the display panel based on input image data; 
and 
0018 setting a length of respective horizontal scan periods 
so that the horizontal scan period in the frame of the main 
image is longer than the horizontal scan period in the frame of 
the Sub-image, wherein 
0019 the main image and the Sub-image are images gen 
erated from the same input image data, and the Sub-image is 
an image of which brightness is relatively reduced with 
respect to the brightness of the main image. 
0020. According to the present invention, a technology 
that can control the generation of interference in the moving 
image and drop in brightness of the image can be provided. 
0021. Further features of the present invention will 
become apparent from the following description of exem 
plary embodiments with reference to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022 FIG. 1A and FIG. 1B are diagrams depicting an 
example of drive waveforms by pulse width limiting: 
0023 FIG. 1C and FIG. 1D are diagrams depicting an 
example of drive waveforms by time sharing; 
0024 FIG. 2 is a diagram depicting an example of a con 
figuration of a brightness sharing block; 
0025 FIG. 3 is a diagram depicting an example of the 
input/output relationship of each signal of the brightness dis 
tribution block; 
0026 FIG. 4 is a diagram depicting an example of a con 
figuration of a time sharing block; 
0027 FIG. 5 is a diagram depicting an example of the 
input/output relationship of each signal of a frame length 
setting circuit; 
0028 FIG. 6 is a diagram depicting an example of the 
input/output relationship of each signal of the time distribu 
tion block; 
0029 FIG. 7 is a diagram depicting an example of a con 
figuration of an image display apparatus according to the 
present embodiment; 
0030 FIG. 8 is a diagram depicting an example of the 
input/output relationship of each signal of the brightness 
sharing block; 
0031 FIG. 9A is a diagram depicting an example of the 
drive waveform of the input image data; 
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0032 FIG. 9B and FIG. 9C are diagrams depicting an 
example of drive waveforms by the brightness sharing; and 
0033 FIG. 10 is a diagram depicting an example of a 
circuit configuration for limiting a pulse width 

DESCRIPTION OF THE EMBODIMENTS 

0034. An image display apparatus and a method for con 
trolling the image display apparatus according to an embodi 
ment of the present invention will now be described. The 
image display apparatus according to this embodiment has a 
display panel driven by multiplex scanning and an image 
processing circuit (image processing unit). The image pro 
cessing circuit divides one frame having a predetermined 
period into a frame of a main image and N (N is a positive 
integer) frame(s) of Sub-image(s), and outputs a video signal 
that includes the frame of the main image and the frame(s) of 
the Sub-image(s) to the display panel. The main image and the 
Sub-image are images that have a same content and different 
brightness. Here “the main image and the Sub-image have a 
same content” means there is no movement or no substantial 
movement between the main image and the Sub-image. In 
concrete terms, the main image and the Sub-image are images 
generated from a same image, and the only differences are the 
brightness and frequency component. 
0035. The present invention can be applied to the impulse 
type image display apparatus and the hold type image display 
apparatus, but can preferably be applied to the impulse type 
image display apparatus since a drop in brightness can be 
controlled. 
0036. In this example, it is assumed that the video signal 
that is input is not a video signal including a frame of a main 
image and N frame(s) of Sub-image(s). And it is assumed that 
the image processing circuit has a function to generate frames 
corresponding to the main image and the Sub-image respec 
tively based on the same input image data, and to reduce the 
brightness of the frame corresponding to the Sub-image to be 
relatively lower than the brightness of the frame correspond 
ing to the main image. The main image and the Sub-image to 
be generated are images obtained by reducing the brightness 
of the frame corresponding to each image at a mutually dif 
ferent reduction rate based on the input image data. A drive 
method for dividing (distributing) an image of one frame into 
a plurality of images having different brightness is called 
“brightness sharing”. 

Example 1 
General Configuration 

0037 Now animage display device which drives at double 
speed (in the case of N=1) will be described as Example 1 of 
the present invention. 
0038 FIG. 7 is a diagram depicting an example of the 
configuration of the image display apparatus according to this 
example. In the case of the image display apparatus in FIG. 7. 
a plurality of display devices are driven in a multiplex scan 
ning by a scan driver 801 (scan circuit) and data driver 804 
(modulation circuit). An image processing apparatus (image 
processing circuit) 806 comprised of a brightness sharing 
block in FIG. 2 and a time sharing block in FIG. 4 generates 
and outputs the output image data and synchronization sig 
nals thereof based on the input image data 5805 and synchro 
nization signals thereof. The synchronization signal includes 
a vertical synchronization signal (VSync) which indicates the 
start and end (frame period) of one frame, and a horizontal 
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synchronization signal (Hsync) which indicates the start and 
end of one horizontal scan period. The input image data is one 
frame of image data (frame data) of the video signal which 
was input, and the output image data is one frame of image 
data of the video signal to be output. The synchronization 
signal of the output image data is output to the timing con 
troller 807. The timing controller 807 controls the output 
timing of the output image data from the scan driver 801 and 
data driver 804 to each device. The output image data is 
output to the data driver 804 synchronizing with the synchro 
nization signal. The scan driver 801 outputs the scan signal 
synchronizing with the synchronization signal. The data 
driver 804 outputs a modulation signal according to the out 
put image data. By the above mentioned operation, the image 
is displayed on the display 802. In the example in FIG. 7, the 
display panel is constituted by the scan driver 801, display 
802, data driver 804 and timing controller 807. The display 
device is, for example, an electron emitting device, a liquid 
crystal device, a plasma device and an organic EL device. 
0039. Now a method for controlling gradation in the 
impulse type image display apparatus will be described. In 
the impulse type image display apparatus, the gradation can 
be controlled by changing the pulse amplitude and/or the 
pulse width of the modulation signal. 
0040. In the pulse width modulation method, brightness 
can be increased by increasing the pulse width as the grada 
tion value becomes higher. In this case, if the frame frequency 
is increased by brightness sharing, the horizontal scan period 
(maximum pulse with) per frame decreases, and therefore in 
Some cases the pulse width corresponding to the gradation 
value of the image generated based on the brightness sharing 
(distributed image (main image, Sub-image)) may exceed the 
maximum pulse width. A possible method for Solving this 
problem is a method for limiting the pulse width so as to not 
exceed the maximum pulse width. This will be described in 
detail. 
0041 FIG. 9A shows an example of the drive waveform 
(waveform of modulation signal) of the input image data 
S202 to be input to the brightness sharing block in FIG. 2. 
FIG.9B and FIG.9C show examples of the drive waveforms 
of the frame data of the main image and the frame data of the 
Sub-image which are generated by the brightness sharing 
based on the input image data. In FIG. 9A to FIG. 9C, “scan 
waveform indicates the waveform of the scan signal. The 
brightness sharing block in FIG. 2 will be described in detail 
later. 

0042. If the ratio of the brightness sharing (ratio of the 
brightness of the main image with respect to the brightness of 
the sub-image) is set high, the pulse width of the drive wave 
form 1001, for displaying the main image, exceeds the hori 
Zontal scan period, as shown by the reference numeral 1002 in 
FIG. 9B. Therefore the pulse width is decreased using the 
circuit shown in FIG. 10. 

0043. The frame data S210 of the distributed image (main 
image, Sub-image) generated in the brightness sharing block 
in FIG. 2 is input to the gain circuit 1103. The limiting value 
S1101 in FIG. 10 is a maximum pulse width which is deter 
mined depending on the horizontal scan period. If the pulse 
width of the drive waveform for displaying the main image 
exceeds the limiting value S1101, the gain calculation circuit 
1102 calculates the gain value for the pulse width that does 
not exceed the limiting value S1101, and outputs it to the gain 
circuit 1103. The gain circuit 1103 multiplies frame data 
S210 by the gain value calculated in the gain calculation 
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circuit 1102, and outputs the output image data S1104. As a 
result, the drive waveform for displaying the main image 
changes from the drive waveform 1001 in FIG.9B to the drive 
waveform 101 in FIG. 1A (the pulse width becomes the 
maximum pulse width or less). The drive waveform for dis 
playing the sub-image changes from the drive waveform 1003 
in FIG.9C to the drive waveform 102 in FIG. 1B (the pulse 
width of the drive waveform 1003 is also limited as the pulse 
width of the drive waveform 1001 is limited). Thereby the 
ratio of the brightness sharing is maintained. By this method, 
the frame frequency can be increased without generating 
interference in the moving image. A problem of this method, 
however, is that the image to be displayed becomes darker 
than the original image (image displayed based on the input 
image data) since the pulse width is decreased using the gain 
value. 
0044. In order to perform brightness sharing in the 
impulse type image display apparatus, which modulates the 
pulse width, with controlling interference and drop in bright 
ness in the moving image, the main image must be displayed 
brighter than the prescribed value. The absolute rating of a 
modulation signal is determined by characteristics unique to 
the display, so the only way to implement high brightness is to 
increase the pulse width. Therefore in this example, the length 
of the respective horizontal scan periods is set by the time 
sharing block shown in FIG. 4 so that the horizontal scan 
period in the frame of the main image becomes longer than 
the horizontal scan period in the frame of the Sub-image. 
0045. Thereby the pulse width of the drive waveform can 
be increased as shown in the drive waveform 103 in FIG.1C. 
The total length of the horizontal scan period in the frame of 
the main image and the horizontal scan period in the frame of 
the Sub-image must be the same as the length of the horizontal 
scan period in one frame of the video signal which was input. 
This means that the horizontal scan period in the frame of the 
Sub-image must be decreased for the amount of increase of 
the length of the horizontal scan period in the frame of the 
main image. Hence the maximum pulse width of the drive 
waveform for displaying the Sub-image decreases, and the 
brightness of the sub-image is limited. However the sub 
image is originally a dark image, and if the horizontal scan 
period in the frame of the main image is set to the maximum 
gradation that is required, the pulse width of the drive wave 
form for displaying the Sub-image does not exceed the hori 
Zontal scan period, as shown in the drive waveform 104 in 
FIG. 1D. This will be described in detail herein below. 

(Brightness Sharing) 

0046. In this example, a frame of one main image and a 
frame of one Sub-image are generated from one frame of a 
Video signal, which was input, by the brightness sharing block 
in FIG. 2. For example, the respective reduction rate is deter 
mined for the main image and the Sub-image(s) based on the 
number of frame(s) of the Sub-image(s). In concrete terms, 
the respective reduction rate is determined for the main image 
and the Sub-image based on the number of frames (dividing 
number S203) generated from one frame of the video signal 
which was input (in this example, the dividing number S203 
is 2). Then the frame of the main image and the frame of the 
Sub-image are generated with the respective reduction rate 
which was determined. 
0047 First the input image data S202 and a synchroniza 
tion signal S201 thereofare input to the frequency conversion 
circuit 204. The dividing number S203 is input to a frequency 
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conversion circuit 204 and the reduction rate table 205 (the 
dividing number S203 may be set by the user or may be 
predetermined). Then the frequency conversion circuit 204 
converts the frame frequency according to the dividing num 
ber S203. In this example, the frame frequency is converted 
into double that which was input (multiplied by the dividing 
number). The reduction rate table 205 is a table in which a 
total number of frames in a frame group constituted by a 
frame of a main image and N frame(s) of Sub-image(s) (that is 
a dividing number) is related with the ratio of the brightness 
between the main image and the Sub-image(s). In concrete 
terms, the reduction rate table 205 is a table in which the 
dividing number is related with the reduction rate of the 
Sub-image (as a result, the dividing number is related with the 
ratio of the brightness between the main image and the Sub 
image). 
0048. Then the frequency conversion circuit 204 outputs 
the synchronization signal S209 after the frequency conver 
sion processing is performed (signal of which frame period 
and horizontal scan period are half of those which were input) 
to a switch circuit 208, and outputs the input image data S202 
to a difference detection circuit 207 and a multiplication 
circuit 206. The reduction rate table 205 outputs the reduction 
rate related to the dividing number S203 (-2) to the multipli 
cation circuit 206. 
0049. The multiplication circuit 206 generates frame data 
of the Sub-image by reducing the brightness of the input 
image data S202 at the reduction rate which was input (mul 
tiplying each pixel value of the input image data S202 by the 
reduction rate which was input). The frame data of the sub 
image is output to the difference detection circuit 207 and the 
switch circuit 208. 
0050. The difference detection circuit 207 generates the 
frame data of the main image by Subtracting the frame data of 
the sub-image from the input image data S202. The frame 
data of the main image is output to the switch circuit 208. 
0051. The switch circuit 208 switches the frame data and 
outputs it according to the synchronization signal S209. The 
switch circuit 208 outputs the synchronization signal S209. 
The switch circuit 208 also outputs the main/sub-identifica 
tion signal S211 for easily determining whether the frame 
data, which was output, is the frame data of the main image 
frame data or the frame data of the Sub-image frame data. A 
main/Sub-identification signal S211 is a signal which 
becomes H at the same time with the rise of Vsync to indicate 
the start of the main image, and becomes L at the same time 
with the rise of Vsync to indicate the start of the sub-image. 
FIG. 3 shows the input/output relationship of each signal in 
FIG. 2 (Hsync is omitted). In FIG. 3, the image data (frame 
data) is denoted by DATA, and the main/sub-identification 
signal is denoted by MFR.It does not matter whether the main 
image or the Sub-image is output first. 
0052. In the present example, it is assumed that the reduc 
tion rate is stored in the reduction rate table 205 in advance, 
but the reduction rate and the ratio of brightness between the 
main image and Sub-image may be input from the outside 
(may be set by the user). These values may also be calculated 
based on the characteristics of the input image data S202. 
0053. In this example, the frame data of the main image 
frame data is calculated (generated) by Subtracting the frame 
data of the sub-image from the input image data S202, but the 
method for generating the main image frame data is not 
limited to this. Only if the reduction rate of the main image 
can be set (obtained), then the frame data of the main image 
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can be generated by multiplying the input image data S202 by 
this reduction rate. In this case however, the respective reduc 
tion rate must be set so that the total of the horizontal scan 
period in each distributed image frame does not exceed the 
horizontal scan period in the frame of the input image data 
S2O2. 
0054. In this example, the table in which the dividing 
number is related with the reduction rate of the sub-image is 
the reduction rate table 205, but the reduction rate table 205 
may be a table in which the dividing number is related with 
the reduction rate of the main image. The reduction rate table 
205 may also be a table in which the dividing number is 
related with the reduction rates of the main image and Sub 
image, or a table in which the dividing number is related with 
the ratio of brightness between the main image and Sub 
image. 

(Time Sharing) 
0055. A method for appropriately setting the horizontal 
scan period of the brightness-distributed frame data will now 
be described. FIG. 4 shows an example of a time sharing 
block. 
0056 Frame data S210 of the distributed image generated 
in the brightness sharing block is input to a frame cycle 
conversion circuit 402. 
0057 The synchronization signal S209 and main/sub 
identification signal S211, which were generated in the 
brightness sharing block, and the dividing number S203, 
which was input in the brightness sharing block in FIG. 2, are 
input to the frame length setting circuit 401. 
0058. The frame length setting circuit 401 sets the length 
of the respective horizontal scan periods so as to correspond 
to the ratio of brightness between the main image and Sub 
image (changes the space of synchronization signals). In con 
crete terms, the maximum pulse width and horizontal scan 
period, required for displaying the main image and Sub-im 
age, are determined depending on the brightness of the main 
image and Sub-image respectively. In this example, the frame 
length setting circuit 401 sets the length of the horizontal scan 
period for the frame of the main image and frame of the 
Sub-image respectively, by referring to the reduction rate 
table 205. Since the dividing number is related with the ratio 
of the brightness between the main image and Sub-image in 
advance, the frame length setting circuit 401 sets the respec 
tive length of the horizontal scan period so as to correspond to 
the ratio of brightness related with the dividing number S203. 
The frame length setting circuit 401 determines whether the 
frame data which was input is the main image frame data or 
the Sub-image frame data, by the main/sub-identification sig 
nal S211. The changed synchronization signal is output to the 
frame cycle conversion circuit 402. FIG. 5 shows the input/ 
output relationship of each signal in the frame length setting 
circuit 401. 
0059. The frame cycle conversion circuit 402 outputs the 
frame data of the distributed image, generated in the bright 
ness sharing block, synchronizing with the synchronization 
signals changed by the frame length setting circuit 401. The 
frame cycle conversion circuit 402 also outputs the synchro 
nization signal changed by the frame length setting circuit 
401. In the brightness sharing block, the frame period is 
divided into two, and output, so data contention may be 
generated in the blanking period between frames or during 
the main image frame period, depending on the horizontal 
scan period that is set by the frame length setting circuit 401. 
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To prevent this, all of the frame data of the distributed images, 
generated based on one frame of the video signal which was 
input, is stored once in the frame memory 403. Then the frame 
cycle conversion circuit 402 reads the frame data of the dis 
tributed image from the frame memory 403, and outputs it. 
0060 FIG. 6 shows the input/output relationship of each 
signal in the time sharing block (Hsync is omitted). As FIG.5 
and FIG. 6 show, according to this example, the respective 
length of the horizontal scan period (space between rises of 
Hsync and vertical synchronization Vsync) is set correspond 
ing to the ratio of brightness between the main image and 
Sub-image. In concrete terms, the horizontal scan period in 
the frame of the main image is set longer than the horizontal 
scan period in the frame of the Sub-image, since the main 
image is brighter than the Sub-image. As a result, the main 
image can be displayed without dropping the brightness (in a 
state as generated in the brightness sharing block). Since the 
ratio of the brightness between the main image and Sub-image 
is maintained, the generation of interference of the moving 
image can be controlled. 
0061 The present inventors confirmed by experiments 
that interference of the moving image can be decreased if the 
ratio of the brightness of the main image, with respect to the 
brightness of the Sub-image, is 1.2 or more. Hence it is pref 
erable that the length of the horizontal scan period in the 
frame of the main image is 1.2 times or more than the length 
of the horizontal scan period in the frame of the Sub-image. 
Then the interference of the moving image can be further 
decreased by the brightness sharing. In theory, it is sufficient 
if the length of the horizontal scan period in the frame of the 
main image is 1.2 times or more than the length of the hori 
Zontal scan period in the frame of the Sub-image, and no 
special upper limit is required. However in practical terms, 
the horizontal scan period in the frame of the main image is 
set to be shorter than five times the horizontal scan period in 
the frame of the Sub-image. 
0062. In this example, the length of the respective hori 
Zontal scan periods is set so as to correspond to the ratio of 
brightness between the main image and Sub-image, but the 
method for setting the horizontal scan period is not limited to 
this. Any setting method can be used only if the horizontal 
scan period in the frame of the main image is set to be longer 
than the horizontal scan period in the frame of the Sub-image. 
If the horizontal scan period in the frame of the main image is 
longer than the horizontal scan period in the frame of the 
Sub-image, the main image can be brighter compared with the 
case of the horizontal scan period in the frame of the main 
image and the horizontal scan period in the frame of the 
Sub-image that have the same length. 
0063. In this example, the frame data is output according 
to the Vsync and Hsync, but the output of the frame data may 
be controlled by DE (Display Enable). 
0064. This example describes the case when the modula 
tion method is the pulse width modulation method, but the 
modulation method may also be the pulse amplitude modu 
lation method or may be a method for modulating both the 
pulse width and the pulse amplitude. In concrete terms, in the 
case of the pulse amplitude modulation method, the gradation 
value can be increased by increasing the pulse amplitude, but 
the maximum value of the pulse amplitude is limited by the 
absolute rating. According to the configuration of this 
example, even if the pulse amplitude modulation method or a 
method for modulating both the pulse width and pulse ampli 
tude, is used, the brightness to be obtained can be increased by 
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increasing the pulse width using the time sharing, hence the 
above mentioned effect can be implemented. 
0065. In this example, a case when only brightness is 
different, between the main image and Sub-image, was 
described, but the frequency component may be changed 
between the main image and Sub-image, using a low pass 
filter (LPF) or a high pass filter (HPF). For example, interfer 
ence of a double image can be further decreased by decreas 
ing the high frequency component of the Sub-image. 

Example 2 

0.066. In Example 1, an image display apparatus, which 
drives at double speed (in the case of N=1), was described. In 
this example, a case of generating the frame data of a plurality 
of sub-images is described. In concrete terms, a case of N=3 
is described as an example. Description of functions and a 
configuration the same as Example 1 are omitted. 

(Brightness Sharing) 

0067 First in the brightness sharing block in FIG. 2, a 
frame of one main image and three frames of Sub-images are 
generated based on the input image data S202. A major pro 
cessing flow is the same as Example 1, but in this example, 4 
is input as the dividing number S203. The reduction rate table 
205 outputs the total of the reduction rate of the sub-images in 
the case of outputting the frame data of the main image (in the 
case when the switch circuit 208 selects to output the frame 
data of the main image synchronizing with the synchroniza 
tion signal S209). In concrete terms, the reduction rate table 
205 outputs a value of the reduction rate related with the 
dividing number S203 (4) multiplied by a value of the divid 
ing number S203 from which 1 is subtracted (that is N). The 
multiplication circuit 206 multiplies the input image data 
S202 by this value, and the difference detection circuit 207 
subtracts the output of the multiplication circuit 206 from the 
input image data S202, whereby the frame data of the main 
image is generated. In the case of outputting the frame data of 
the sub-image, on the other hand, the reduction rate table 205 
outputs the reduction rate related with the dividing number 
S203, just like Example 1. Then the multiplication circuit 206 
multiplies the input image data S202 by this reduction rate, 
whereby the frame data of the Sub-image is generated. 
0068. The switch circuit 208 selects to output the frame 
data of the main image first, then selects to output the frame 
data of the Sub-image continuously for three times (the 
sequence is not limited to this, only if the frame data of all the 
distributed images generated based on the input image data 
S202 are output). 
0069. The main/sub-identification signal S211 becomes H 
at the same time with the rise of the Vsync to indicate the start 
of the main image, and becomes L at the same time with the 
rise thereof to indicate the start of the sub-image. In other 
words, the main/sub-identification signal S211 becomes L in 
the frame period of the three sub-images. 
0070 FIG. 8 shows the input/output relationship of each 
signal in FIG. 2 (Hsync is omitted). 
0071. The reduction rate of the main image may be set 
(obtained) so that the frame data of the main image is directly 
generated based on the input image data S202 using this 
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reduction rate. The reduction rates of the three sub-images 
may be different from one another. 

(Time Sharing) 
0072 The configuration of the time sharing block is the 
same as Example 1. Each signal generated in the brightness 
sharing block and dividing number S203 are input into the 
time sharing block, and the horizontal scan period in the 
frame of each distributed image is set (synchronization signal 
is changed), just like Example 1, and the frame data of each 
distributed image and changed synchronization signals are 
output. 
0073. According to the configuration of this example, the 
generation of interference of the moving image and drop in 
brightness of the image can be controlled, regardless the 
dividing number. 
0074 According to the image display apparatus and the 
method for controlling the image display apparatus of the 
present embodiment, the respective horizontal scan periods 
are set so that the horizontal scan period in the frame of the 
main image is longer than the horizontal scan period in the 
frame of the Sub-image. Since this allows displaying a bright 
image as the main image, the generation of interference in the 
moving image and drop in brightness of the image can be 
controlled. 
(0075 While the present invention has been described with 
reference to exemplary embodiments, it is to be understood 
that the invention is not limited to the disclosed exemplary 
embodiments. The scope of the following claims is to be 
accorded the broadest interpretation so as to encompass all 
Such modifications and equivalent structures and functions. 
0076. This application claims the benefit of Japanese 
Patent Application No. 2009-208013, filed on Sep. 9, 2009, 
which is hereby incorporated by reference herein in its 
entirety. 
What is claimed is: 
1. An image display apparatus, comprising: 
a display panel driven by multiplex scanning; and 
an image processing unit which divides one frame having 

a predetermined period into a frame of a main image and 
N (N is a positive integer) frame(s) of Sub-image(s), and 
outputs a video signal that includes the frame of the main 
image and the frame(s) of the Sub-image(s) to the dis 
play panel based on input image data, wherein 

the image processing unit comprises: 
a brightness control unit which generates frames corre 

sponding to the main image and the Sub-image based on 
the same input image data, and relatively reduces the 
brightness of the frame corresponding to the Sub-image 
with respect to the brightness of the frame correspond 
ing to the main image; and 

a period setting unit which sets a length of respective hori 
Zontal scan periods so that the horizontal scan period in 
the frame of the main image is longer than the horizontal 
Scan period in the frame of the Sub-image. 

2. The image display apparatus according to claim 1, 
wherein 

the main image and the Sub-image are images obtained by 
reducing the brightnesses of the frames corresponding to 
the respective images at different reduction rates based 
on the input image data. 

3. The image display apparatus according to claim 2, 
wherein 
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the brightness control unit determines the respective reduc 
tion rates for the main image and Sub-image(s) based on 
the number of frame(s) of the sub-image(s). 

4. The image display apparatus according to claim 1, 
wherein 

the period setting unit sets the length of the respective 
horizontal scan periods so as to correspond to the ratio of 
brightness between the main image and Sub-image. 

5. The image display apparatus according to claim 4, fur 
ther comprising a table in which a total number of frames in 
a frame group constituted by the frame of the main image and 
the N frame(s) of the sub-image(s) is related with the ratio of 
brightness between the main image and Sub-image(s) and 
wherein 

the period setting unit sets the length of the respective 
horizontal scan periods for the frame of the main image 
and the frame of the sub-image with reference to the 
table. 

6. The image display apparatus according to claim 1, 
wherein 

the length of the horizontal scan period in the frame of the 
main image is 1.2 times or more than the length of the 
horizontal scan period in the frame of the Sub-image. 
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7. The image display apparatus according to claim 1, 
wherein 

a gradation of an image is controlled by changing the pulse 
width of a modulation signal output from a data driver 
based on the video signal. 

8. A method for controlling an image display apparatus 
having a display panel driven by multiplex scanning, com 
prising the steps of: 

dividing one frame having a predetermined period into a 
frame of a main image and N (N is a positive integer) 
frame(s) of Sub-image(s), and outputting a video signal 
that includes the frame of the main image and the frame 
(s) of the Sub-image(s) to the display panel based on 
input image data; and 

setting a length of respective horizontal scan periods so that 
the horizontal scan period in the frame of the main image 
is longer than the horizontal scan period in the frame of 
the Sub-image, wherein 

the main image and the Sub-image are images generated 
from the same input image data, and the Sub-image is an 
image of which brightness is relatively reduced with 
respect to the brightness of the main image. 

c c c c c 


